This paper builds on a calibration of the SNIa absolute distance scale begun with a core of distances based on the correlation between galaxy rotation rates and optical I C band photometry. This new work extends the calibration through the use of mid-infrared photometry acquired at 3.6µm with Spitzer Space Telescope. The great virtue of the satellite observations is constancy of the photometry at a level better than 1% across the sky. The new calibration is based on 39 individual galaxies and 8 clusters that have been the sites of well observed SNIa. The new 3.6µm calibration is not yet as extensively based as the I C band calibration but is already sufficient to justify a preliminary report. Distances based on the mid-infrared photometry are 2% greater in the mean than reported at I C band. This difference is only marginally significant. The I C band result is confirmed with only a small adjustment. Incorporating a 1% decrease in the LMC distance, the present study indicates H 0 = 75.2 ± 3.0 km s −1 Mpc −1 .
INTRODUCTION
Type Ia supernovae (SNIa) have remarkable properties such as their high luminosities (10 9 L ⊙ ) and their apparent homogeneous nature (Riess et al. 1995) . Kowal (1968) established the first Hubble diagram that suggested SNIa could be used as extragalactic distance indicators. Two decades later, Phillips (1993) demonstrated the existence of a decline rate-absolute magnitude dependence for SNIa, validating that type Ia supernovae can act as standard candles. Work in subsequent years (Hamuy et al. 1995; Jha et al. 2007; Hicken et al. 2009; Amanullah et al. 2010 ) has produced alternate descriptions of the correlations between the intrinsic luminosities of SNIa and the shapes of their light curves.
The properties of SNIa can be used to determine distances to galaxies at many hundreds of megaparsecs. At such distances, object are expected to have recessional velocities that individually differ from the mean by at most a few percent and collectively should define the cosmic expansion. Thanks to the great precision of SNIa distance estimates, high redshift SNIa revealed that the expansion of the universe is currently accelerating (Riess et al. 1998; Perlmutter et al. 1999) . The SNIa method can provide the best estimate of the Hubble parameter once the zero point scale is set. Independent distances are needed to the hosts of low redshift SNIa (Riess et al. 2009 (Riess et al. , 2011 Folatelli et al. 2010) to establish the absolute scale.
Our collaboration has recently contributed to the establishment of the SNIa scale primarily using constraints imposed by using distances acquired with the correlation between the luminosities and rotation rates of galaxies (Tully & Fisher 1977) , the Tully-Fisher relation (TFR). Optical I C band luminosities were used in that study. Now there is the opportunity to refine the calibration with the use of phoj.sorce@ipnl.in2p3.fr tometry at 3.6µm obtained with Spitzer Space Telescope (Werner et al. 2004) . The great advantage with Spitzer observations is photometric integrity to better than 1% across the sky. Additional advantages are minimal obscuration either within hosts or from our Galaxy, magnitude measures approximating total magnitudes because of low backgrounds, and fluxes dominated by light from old stars which presumptively correlates with galaxy mass. By now, roughly 3000 galaxies have been observed with Spitzer and almost 1300 galaxies are being observed in the current cycle with our Cosmic Flows with Spitzer project (CFS 1 ). Already, 39 galaxies have been observed that have hosted SNIa and are appropriate for an application of the TFR methodology.
The present discussion will closely parallel the paper by with the important difference being the use of mid-infrared [3.6] photometry in place of optical I C photometry. We begin with a brief summary of the data that are available on the hosts of SNIa galaxies and the treatment given to obtain distances using the TFR in the mid-infrared. Distance measurements obtained via the TFR are individually uncertain. Averaging over a cluster provides a more robust distance so we include clusters in our analysis. Distances determined with the TFR enable us to set a zero point for the SNIa distance scale. Consideration of a large sample of SNIa in the redshift range 0.03 < z < 0.5 leads us to an estimate of the Hubble Constant.
DATA
Three parameters are needed to obtain distances with the TFR: a luminosity, a measure of rotation, and an inclination to account for projection effects. Our sample in this study is a subset of the sample used for the same purpose of a determination of SNIa host absolute luminosities by . In the current paper we use the same information on rotation rates, from HI profile information, and inclinations, from optical band imaging. The difference in this work is the replacement of I C luminosities with [3.6] luminosities from observations using Spitzer Space Telescope IRAC channel 1. Presently, not all the galaxies included in the I C band study have been satisfactorily observed with Spitzer. We have retrieved data from the Spitzer Heritage Archive for 39 galaxies that have hosted SNIa from the list of 56 galaxies given by . The archival material comes from the programs Spitzer Infrared Nearby Galaxies Survey, SINGS, (Dale et al. 2005 (Dale et al. , 2007 , Spitzer Survey of Stellar Structure in Galaxies, S 4 G, (Sheth et al. 2010) , Carnegie Hubble Program, CHP, (Freedman et al. 2011) , and our ongoing Cosmic Flows with Spitzer project, CFS.
Photometry for these galaxies is carried out using a Spitzer-adapted version of Archangel (Schombert & Smith 2012) described in Sorce et al. (2012a) . Luminosity corrections for IRAC channel 1 flux measurements were described in detail in Sorce et al. (2012a) . Briefly, observed total magnitudes, [3.6], must be corrected for extinction both within our Galaxy, A [3.6] b (Schlegel et al. 1998) , and within the hosts, A (Reach et al. 2005) . A fully corrected magnitude [3.6] b,i,k,a in the AB system for IRAC ch.1 Spitzer data is
(1)
HOST DISTANCES
Our calibration of the TFR at 3.6µm is described in Sorce et al. (2012b) . The zero point is primarily set by Cepheids assuming a Large Magellanic Cloud (LMC) modulus 18.48 ± 0.03 (Freedman et al. 2012) . The calibration used the correlation that assumes all errors are in the distance-independent line width parameter, the so-called 'inverse' fit. Corrections must be made to account for a small Malmquist bias effect with bias b = −0.0065(µ − 31) 2 where µ is the distance modulus. Of greater importance is a color term. The calibration paper describes the tightening of the correlation that is provided by the adjustment to observed magnitude based on a color differential between the near-infrared I C band and the mid-infrared [3.6] band
whence
color . Absolute color adjusted magnitudes M C [3.6] are given by the equation
where W i mx is the HI line width, de-projected from inclination i to edge-on, and adjusted to approximate twice the maximum rotation velocity of the galaxy (Courtois et al. 2011) . The rms scatter about this mid-IR version of the TFR is ±0.42 mag in the calibration sample. A distance modulus is given by µ c = C [3.6] − M C [3.6] − b. These parameters are accumulated in Table 1 for 39 galaxies that have hosted SNIa and been observed with Spizer Space Telescope.
Thirteen clusters were used to form the calibration template for the [3.6] band TFR (Sorce et al. 2012b) so there is a good distance determination for each of these clusters. Suitably observed SNIa have been observed in 8 of these clusters. Pertinent information is provided in Table 2 . With the 2 nearest clusters (Virgo and Fornax) high quality distance measures are available from Cepheid and Surface Brightness Fluctuation observations and these measures contribute to (indeed, dominate) the values of the moduli in column 3 of the table. The averaging over multiple contributions follows . When there were more than one SNIa observed per galaxy or cluster, or more than one observation per SNIa, we take averaged SNIa modulus estimates ). The SNIa information is discussed in the next section.
SNIA ZERO POINT SCALE AND H 0
Courtois & Tully (2012) discuss the accumulation of a sample of SNIa from 5 sources (Prieto et al. 2006; Jha et al. 2007; Hicken et al. 2009; Folatelli et al. 2010; Amanullah et al. 2010 ) with scale shifts as appropriate to match the scale of the last of these sources, a compilation referred to as UNION2. Relevant distance moduli are gathered from these 5 sources and recorded in Table 2 with averaging in the case of clusters with multiple recorded SNIa events. Moduli drawn from Tables 1 and  2 are compared in Figure 1 . The straight line in this figure is a fit, assuming slope unity, to the 39 individual galaxies each with weight 1 and 6 clusters each with weight 9. The locations of two clusters are deviant (Centaurus at 5σ under the fit in Fig. 1 and A1367 at 3σ over the fit) . These two clusters were deviant and rejected from the optical SNIa calibration ) and for consistency in the comparison are again rejected from the fit. The offset between the newly determined distance moduli (other) and the SNIa moduli on the UNION2 scale is µ other − µ SN = 0.58. The comparable fit with I C band material was shown in Figure 5 of . The offset in that earlier case was 0.56. The current calibration increases distances by 1% and reduce H 0 by 1%.
The galaxies observed to date with Spitzer are only a subset of those discussed in the I C band calibration paper. It is instructive to compare results using only identical galaxies and clusters rather than using the ensemble of available samples as was done above. Figure 2 compares distance moduli measured alternatively with mid-IR [3.6] photometry with Spitzer and optical I C photometry observed from the ground, using the same line width and inclination parameters. The comparison involves the 13 clusters used to establish the TFR template at I C and [3.6] (Sorce et al. 2012b ) and the 39 individual galaxies that have hosted SNIa and this paper). With the individual SNIa hosts there is a hint of an increase in the difference between moduli for the more distant cases but the trend is not statistically significant. No such trend is seen with the clusters. Overall the [3.6] moduli are greater than the I C moduli by 0.02 ± 0.02 mag. The difference of 1% in distance is not statistically significant. It is to be noted, though, that the new mid-IR calibration is tied to a distance to the Large Magellanic Cloud that is 1% closer than previously assumed (Sorce et al. 2012b) . With a common choice of LMC distance, the [3.6] band distances are 2% greater than those at I C band. The final calibration of the SNIa distance scale in the I C band analysis of lead to the determination of the Hubble Constant shown in their Figure 8 . It is based on a fit over the redshift range 0.03 < z < 0.5 to the UNION2 sample (Amanullah et al. 2010) , with cosmological parameters Ω m = 0.27, and Ω Λ = 0.73. The result obtained in that paper was H 0 = 75.9 ± 3.8 km s −1 Mpc −1 . In the present work, distances are decreased 1% due to a revised Large Magellanic Cloud modulus and increased 2% with the switch from optical I C to mid-IR [3.6] magnitudes. The present calibration is in statistical agreement with the earlier work though formally gives a result 1% lower. An error budget was discussed by . Uncertainties are reduced with this new work in two respects. First, there is increased confidence in the absolute scale set by the distance to the LMC (Freedman et al. 2012) . Second, the mid-IR calibration of the TFR (Sorce et al. 2012b) removes latent concerns about possible photometric differences in different parts of the sky. These two improvements warrant a decrease in our error estimate from 5% to 4%. Our best estimate for the Hubble Constant is now H 0 = 75.2 ± 3.0 km s −1 Mpc −1 .
CONCLUSIONS
The new mid-infrared TFR calibration of the SNIa distance scale leads to a result for the Hubble Constant that is not significantly different from the earlier optical TFR calibration. The earlier calibration made use of a considerably larger collection of material. Besides using over 50% more individual TFR galaxies, it gave consideration to 61 groups or clusters hosting SNIa with distances not only from the TFR but also with Cepheid, surface brightness fluctuation, and fundamental plane measurements. Nevertheless we contend that the present confirming work has value because it puts to rest a concern with the optical study. The optical photometry was acquired by a diverse community of observers on several telescopes with a variety of detectors and filters and subject to the vagaries associated with ground-based observations. This new mid-IR photometry is being acquired with a single observing configuration in space advertising photometric consistency across the sky to better than 1%. In the fullness of time it can be anticipated that the mid-IR calibration of the distance scale will be made more robust with linkages to SNIa involving several hundred galaxies. The paper describing the calibration of the mid-IR TFR had already lead to a preliminary determine of the Hubble Constant of H 0 = 74 ± 4 km s −1 Mpc −1 (Sorce et al. 2012b ). The present study extends the calibration to distances where peculiar velocities should have negligible impact and we find H 0 = 75.2 ± 3.0 km s
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